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I. SUMMARY AND CON'7 131ON S

To project men and supporting equipment from a taging base which

at best could be an available friendly foreia base, or at worst must

be the territorial Unito.:d States, 6o all pl&-es of interest to the

United States requires a strategic basing concept which is conatible

with the tactical force's terminal objectives. This /-e due to thJb

fact that the terminal, activity of a tactical force will in general

be constrained by the logistic characteristics of the strategic

basing conc-pt used.

An important characteristic of any strategic basing configuration

is its response time to a terminal mission objective; that is, Its

ability to project a tactical force to the -neater of operations and

engage the enemy succtssfully. There is an implicit trade-off in this

situaticn bL.ween the logistic characteristics of the basing

configuration defined bj, response time and the tactical force

required tx- achieve success. Usutallyr, tne fajc er the tacticLl force

is projected, the less tactical force in terms of men ard material is

needed to successfully contain the situation. However, the quick

strategic response time can only come with hibi.cost strategic systems.

On tht other hand, slower :.esponse time while cheaner, requires more

t4ctiLsl force systems because the eneny action has -ome closer to

becomin" a 'fait accozpli.1 The ideal situation would be to be able

to pro ect just encj&h limited war forces at siffcient seed tc deter

the opposition from acti!& at all.

Another trade-c!'f influencir, strategic reaction time is the

disposition of deployed limited war forcoe thUnoughout the world and its

effect upon the terminal mission objective. It is true that the cloier

the advance base is to the eneM, thruct, the shorter the strategic

reaction time to meet the thru-tt from this advanced bese. Howvver,

the number of limited war forces stationed in et drployed state at this

base in also important. To quickly deploy into combat insufficient forces

from an advanced base might restult in uot azcorpliahing the desired

objectives (e.g., a successful containment of the eney) at all. In



this case, exi-ting limited war forces would not only be wasted but a

successful campaign uuld be further deiaycd in time because the

situation would require the use of forces in excesc of a well _lanned

operation iL order to achie-je the desired results. Thus, we see that we

are Ue-ling with a problem 2haracterized by geographical, spatial ad

temporal parameters, limited war force sizen and their corresponding

deployment response timesterminal mission force objectives vis-a-vis

the enemy Lbrent, and logistic . lumetric weighlt and velocity

constraints. The purpose of this study then, was to synthesize these

parameters into a working mathematical model which hopeLll y would

demonstrate not only the many p)ssible trade-off s available to the

analyst, but a proper measwrc )f merit in which to Judge the myriad

of scenario possibilities inherent in the strategic basing problem for

limited war forces.

The model used wn- the same as the model developed in Volume I cf

this study (see Appendix A or Reference 1). This was made possib?- by

the fact that the dployment of limited war forces whethe:- tactically

on the battlefield or ftrategici)ly on or above the surface of Lhe

earth, have very sinnlar mathematical structural characteristics.

Therefore, with a reinterpretation of the Volume I model input

variables, it was possible to analyze the strateg7ic problem in basing

limited war forces in a manner general en3' gh tc -ield significant

results.

Three scenarios were sequentially considered, each characterized

with increasing complexit.. he first scenario was a simple response to

an sggres6ion of a given terminal access aree (:A). The response to this

-8;resion waz in tue f -r of an Attack 2riginatlng from the zone of the

interlor(ZI)and/or an a-tac-k from prp ,itoied forces stationed at an

ad-unce base (B)near the LA. Siice the responder did not necessarily

knov which of the meny possible TA r, -duld be invade-I, s penfclty war

iqmoesd uprn .he responder if he decided to utilize AB's for preposf ionring

of hls force for qulcx response. hi; penalty reduced the number of pre-

positioned forces at an AB in proportion to the increasing number of

AB~s required. Io rch peo.alty was inposed if the responder de-ided ,o
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utilize a ZI basing policy with much slower response. The aggressor

was allowed a tactical choice of attacking en masse and/or at a piece-

meal daily rate of flow with a fixed number of forces. The results of

this analysis indicate that for a single, terminal access area conflict,

the advantage gained by having "quick" response-time ia lost as the

amount of resources (limited war forces) which can be deployed becoam

smaller. Therefore, the stationing of forces overseas, if the

responder must spread his forces over many theaters of operations, is

not justified. If course, it can also be assumed that given enough

time all the forces available to the responder at advanced bases

could be recommitted into the conflict area, uius removing the

disadvantage of precommitting forces to advance bases. This was the,

second scenario abstracted for analysis. The results of this recommitment

scenario indice .ed t:.at significant decision levels and correspoJlLng

thresholds exist (see Reference 1) which can be functiorally related

to the factors of distance, time and forces which characterize the

scenario. Because of this, it was felt that the analysis of a reaiistic

scenario which would 0fine specific distance/time characteristics would

be pertinent. This scenario reprec--ted the third and final analysis

of this study and was entitled: "A War In Southeast Asia."

This scenario is derived from a significant and real world situation

which was used as the basis for the analysis of the force structure,

firepower and logistic characteristics of the stcxategic basing problem

-or limited war forces of both the United States of America and the

Chinese mainland. Th-ee ge-neral terminal access !Leas (TA's) were defined.

They were: (1) Inia/Burr; (2) Kurea; and (3) the general area defined by

taland!Lsos!Camb'cdia/S~~th Vietnam. The United States can counter such

a threat in two ways. The first by resisting the invasion of the above

d'L;ned terminal access areas (TA' a) by the projection of troops from the

zone of the interior (ZI) and/or an advanced bene such as Hawaii, Formosa,

C inawa, Philippines, Japan, Korea and South vietnam. These latter two

advance bases (AB's) are also TA's. The second method of resisting the

Chinese mainland's peripheral erpansion would be to directly attac}ki

Chinn.'s heartland and force her to recommit her forces back to the

homeland in its defense. 7--his latter decision might force China to



4

retain some of its forces to defend the homeland directly, rather than

recommit some or all of its forces after the nvaBsion of the TA's. Thus

we have a two-sided game with the above strategic choices available to

each side.

Based upon the above scenario tbe foil4wing question was asked:

Is it possible for th! United States, the defender,
tn present a force posture (i.e.,in terms of number
of men, firepower, response time, and logistic
support) such that China, the attacker, would never
commit AJl of it. forces to the invasion of the TA' s
for optimal, p.y of the game, if China was forced
(or constrained) to commit only part of its forces
to the invasion?

If the United States could present such a force posture, it could

be said that the United States effectively deterred Cina, the attacker,

provided China was acting in a rational manner (as defined by her optimal

play of the game). For if China intended to attack the TA's (this

intention being defined in mathematical model .anguace as a constraint

which in effect forces China to commit some of its for;.es against the TA's),

and then examined its optimal strategy to commit its remaining forces

and found that such a strategy was instead a defense of the homeland, one

can question China's feeling of superiority while committing an aggressive

act. In other words, China's aggression, whether intentional or not, and

if properly deterred as defined above, would be stabilized in that her

remal.ning force,- would not be committed if the play of the game va. to

remain optimal (rational). If China was irrational, then the United

States would h-ve to present a force posture to China much in excess of

O.e terrence such that China' s degree of irrationality could be effectively

lowered. T3is excess is not necessarily more deterrence, (which is

possille because deterrence has been quantized in thi3 study) but rather,

colld be ore superiority (also quantized in this study). Deterrenceas

defined above, is a weaker criteria than the achieving of a winning campaign.

In fact one can achieve deterrence and still .los the campaign if

deterrence fails becaase the threat is irrational. Obviously, force

postures which result in deterrenoe but not the winning of a campaign

(if fought) can be dangerous in the real world. en the other hand



det e-rence and t h auccessCul conclusion of the campaign can be achieved

even if the aggressor Actea irrationally.

The results of the analyses performed in this study cap now be

tabulated as follows:

The defender (or responder to aggression) must
present a credible force posture for deployment
against the aggressor.

By this statement it is meant that the IT, S, must be able to deploy

sufficient forces and effective firepower to the TA's defined in the

scenario to allow the aggressor the analytic capability of measuring its

military cffectiveness of continuing a conflagration once this conflag-

ration has been s-:arted. If the U. S. commits an insufficient number of

forces (plits effective firepower) no iatter how fast into a TA. or can

only deploy an insufficient nudber of forces from nearby A3's, such

forces will not only tend to be wasted, but the insufficient deployrent

might cause the aggressoc to escalate the conflict by committing even

more of its forces into the conflagration on the grounds that to do so

would represent an optimum allocation of its total forces.

The defender does not deter the aggressor by
presenting a force posture against the aggressor
of parity. The defender needs a superior
force posture for deterrence.

,Zy parity it is meant that the defender has sufficient forces and effective

firepower in a deployed state to result in a stand-off against a

purential aggressor. The above result is true only if the effective

firepower deployed against the aggressor by the defender ia deployed

uniformally against all the possible invasion areas. If on the other

hand t'e defend,- deploys its effective incremental firepower against

the aressor's homeland 221y, then it is possible to deter the aggressor

without having sufficient forces in a deployed state to be victorious.

This is the so-called "Dulles Deterrent Philosophy" of the 1950's.
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An ovirseas advance basing policy for the
precommitment of forces seems to have merit
only when the defender's total deployable ... 4

force posture is inadequate to deter the
aggrebsor and provide victory.

Once superiority and deterrence are achieved by the defender in terms of

deployable forces to meet the threat, there seems to be no functional

relationship between advance basing characteristics ava3 lable to the

defender and the pay-offs defined by the Southeast Asia Scenario. In

fact once deterrence has been achieved, a zone of the interior and/or

single advanced base basing concept is the proper one.

The decreasing of the defender's response time
to t~Ie aggressor's invasion, if the defender has
sufficient deployable forces to achieve deterrence,
can degrade this established deterrence.

Zis surprising res, - is revealed when one examines the decision surface

for both sides generated by the mathematical model describing the Southeast

Asia Scenario whEre the defender's response time to the aggressor's

invasion is aUowed to go to zero. The abstract model interprets this

situation in terms of the stability of the decision surface which in

effect states that as the defender's response time is lowered (for the

defender's deterrent force posture), the aggressor becomes more "trigger

happy" and is less likely to maintain split forces if for some reason

he was constrained to split them at the outset (forced and/o itended

to invade terminal access areas with part of his forces).

Summarizing the above, one can state:

The problem of strategic basing must be tied to the total U.S.
forces projected against the aggressor and not just M
limited order of battle projected by the Navy/'arine Corps.

The interface problems associated with combining the Marine
Corps with the Army in projecting a total U.S. Force posture
overseas seems as pertinent as the wedding of the Army with
the Air Force utilizing the USSBICOM concept.

T1here is more consistency in strategy, when attempting to
relate an advance basing policy/limited war objectives, to
project total U.S. forces from the zone of the interior than
to precommit some of the U.S. forces to many overseas
advanced bases.



In some circumstances, it i. not only sufficient *t, use
conventional modes of transpoitation (e.g., surf.,ice >isp)
to project suficient total U.S. lorces in defense
of our interests overseas, but also desirable.

Cortrol of the seas is mandatory'

This anaiy6ic indicated that the USSI-MICOM concept of
deploy! g forces to meet a limited war aggression over-
seas has several questionable areas regarding I. Ls operational
effectiveness. This concept not only reduces the effective
military force that can be projected due to the weight
limitations characteristic of air transportation and is
extremely expensive as compared to conventional modes of
transportation, i. also degrades deterrence.*

The Indian Ocean Task Force for the purpose of projecting
limited war forces in the deferse of India appears to be
of ouestionole vrduue if the mission of such a task force
is to protect India i.om a Chinese threat. The number of
troops and firepower required to deter China c-Pnnot, possibly
be stationed aboard such a task force.

A nonmilitar solution to the limited war/counter insurgency
problem might be provided for the long range time -eriod.
Studies should be made to deterrdne the reasojis for the U.S.
to be committed to overseas nationalities and. whether more
flexible international policies can be made possible, es _cially
those alternatives which do not depend only upon military
solutions typified by the 3outheasu Asian Scenario analyzed ir
thi s tudy.

The last conclusion s6, gests to this writer that if a change in our foreipn

policy werc possible, it could come about by re-cxamining this country's

economic requirements as it ... essitates relations with gcvernments

beyond the zone of the interior. Since the United :tates depends upon

import, fo- -art or most of its industrial raw materials, a significant

factor in supporting the present "interdependence policy" with the free

and not sc free world, couid be the maintaining of the availability of

these needed raw materials. An alternative solution could be for tJ1As

country to replace as many of these raw materials as possible by

*Th definition of deterrence is defi.ned in section II, E, 2, c of

this study. 7hea above USS iCOM concept (when compared to norm.l
modes of limited war force deployment) actually reduces the declsion
threshold (the meesure of deterrence) of the agg7.essor in cornitting
all his forces to the aggression if for any reason be was forced or
intended to commit a part of his forces.



I
8

developing -tber sources for the materials. The oceans of the world are

probably a potential source of many of the materials we need. Therefore,

a systematic ftploration of these large bodies of water could be the answer

to this country' s foreign policy dilemma, such policy, although successful

in Europe, appears to be inadequate for Asia. For if the United States

could replace aay or all of its raw material requirements from oceanic

source6, we ccyoAd begin to use economic rather than military pressure to

achieve our desired foreign policy objectives. Also we could blunt "once-

and-for-all" the foreign pol..y objective of a Sino-Soviet Bloc, that is,

to isolate the United States both politically and economical from the

rest of the world.



9

II. TIE STRATEGIC BASING cF LIMITED WAR FORCES

A. INTRODUCTION

To project men and suprnorting equipment from a stagin, base which at

best could be an available friendly foreign base, or at worst must be the

territorial United States, to all places of interest to the United States

requires a strategic basing concept which is compatible with the acticaA.

force's terminal objectives. This is due to the fact that the t-rminal

activity of a tactical force will in general be constrained by the logistic

characteristics of the strategic basing concept used.

An important characteristic of any strategic basing configuration is

its response time to a terminal mission objective; that is, its ability

to project a tacti Al force to the theater of operations and engage the

eney successfully. There is an implicit trade-off in this situation

between the logistic characteristics of the basing configuration defined by

response time and the tactical force required to achieve success. Usually

the faster the tactical force is projected, the less actical force in

terms of men and material is needed to successfully contaii the situation.

However, the quick strategic response time can only come with high cost

strategic systems. On the other hand, slower response time while cheaper,

requires more tactical force systems because the ene. ' action has come

closer to becoming a 'fait accoipli.' The ideal situation would be to be

able to project just enough limited var forces at sufficient speed to deter

the opposition from ecting at eU.

riother trade-off influencing strategic reaction time is the disposition

of deployed limited war forces throughout the world and its effect upon the

terminal mission objective. It is true that the closer the advance base

is to the enemy thrust, the quicker the strategic reaction time to meet

the thrust from this advanced base However, the number of limited war

forces stationed in a deployed state at this base is also important. Tb

quickly deploy into combat insufficient forces from in advanced base might

result in not accoqplishing the desLed oblectives (e.g., a successful

containment of the enev) at all. In this case, existing limited war

forces would not only be wasted but a successful campaign could be further

delayed in time because the situation would requiru the use of forces i.
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excess of a well planned operation in order to achieve the desired results.

Thus, we see that we are dealing with a problem characterized by geographical,

spatial and temporal parameters, limited war force sizes and their corres-

pondin.g deployment response times, terminal mission force objectives vis-a-

vis the enenW threat, and logistic volumetric weight and velocity

constraints. The purpose of this study then, is to synthesize these para-

meters into a working mathematical model which hopefully would demonstrate

n :t only the many possible tr-de-offs available to t"e analyst, but a

proper measure of merit in which to judge the myriad of scenario possibilities

inherent in th- strategic basing problem for limited war forces.

B. STRATEGIC BASING CONFIGURATIONS

The strategic basing configurations available to the military ,isnner

for future limited var forces can be abetracted as illustrated li, Figure 1.

From the zone of the interior, (ZI), limited war fo, . can be deployed into

the theater of operations vie surface, subsurface, and/or air tre:asport,

either directly into combat or prepositioned to an advanced base and then

to the terminal access or the conflict area. The mission objec ive of

such a deplo1qent of liited war forces could be simply stated as

to gain access to

to control

to possess

a given geographic area of interest to the United States. Figure 1 defines

four different spatial characteristics pertinent to the strategic basing of

limited war forces. The zone of the interior (Z) refers to the many

baces located in the continental United States whose responsibilities are

to initiate and organize limited war forces for dispositior. throughout

the world. These operational forces cai be located either in the ZI or at

some advanced base in u theater of operations. Some of these forces can

be asigned to the fleet operaLing as a moving advanced baue overseas. 'The

logistics conn,,-tlng the ZI, theater of operations, and te= iral accesa

consists of air, sea, and/or underwater transportation and is directly

responsible for the strategic deployment of limited war forces (troops and

s~plies) throughout the world. The trminal access renresents the conflict

area. It shotld be noted that the aegree cf success in accomplishing the
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mission objectives assigned to the limited var forces when deployed to this

conflict area will in general represent the measure of merit for the

complete operation (both logistic and military). In wiat manner should

limited war forces be strategically deployed throughout the world, how fast

and in what quantity should these forces be projected into the conflict

area Aor any given enemr thrust or thrusts wil be the proper concern of

t s study. The techniques to be employed will be very .imilar to those

outlined in the previous volume. * That is, the mathematical structure of

the above formlated problem will be of more inT-rest to this stdy than

awrerical evaluations of specific limited war scenarios. The extent to

which this objective can be accomplished will depend upon the success to

which a mathematical model can be developed to fully represent the essence

of the above 'strategic basing' problem.

C. THE MATHRMTCAL MODEL

The development of a mathematical model to analyze problems associated

with the strategic basing of limited war forces is suggested both from

Figure I and the results of Volume I, the volume dealing with the assault

phase of the smhibious/vertical envelopment operation. Since the measure

of mei t to be used =,st reflect the outcome of the assault operation as it

was functionally related to the strategic basing concept er=loyed., some

form of Lanchester's Equation might be approprlate. he attacking force

y (as oppose- to the defending limited war force x) initiate the action

by an invasion of the terminal access area. The y forces invade this

area at a given rate, r y(t)> 0. The defending force x responds to this

attack at different response times tZI andl/r tAB, depending upon x's
initial dlisposition af limited var forces either in the zone cf the Interior

or at an advanced base. If wv define the normsnlized rates of attrition for

x and y as a and b respeotilvely, a smlified model of the strategic

basing coufiguratioi (assuming th spatial characteristics of the operation

car be mpproxiated by one zone of 'he interior (Z-1) base, one advance

*See Append i A, pse 62, for a brief description of the techniqu. or the
material in Reference (i) for a fuller description.
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base (AB) base, and only one terminal access ares can be defiaed as follows:

r, y-- tz ) az - '" t "- tAB ) a AB xAB

iz: o - t(- t 7 ) b y

xAb ' - A t - tAB )  1

where x(t0O) = xZI(O ) + ABfty(t) r=ry(C)d minus attrition losses

0
0 9 t S T, where T is y's invasion cutoff time

1 t t(T) =0 t <% t tzI) t AB"

The easiest way to solve these equations is to subdivide the time

domain into three zones such that equations (1) y.cld continuous solutions

in the time doma'i chosen. The pertinent time domain yielding continuoup

solutions i

O t< tA

tAB I t < tzi

tz (2)

The above time domains assume tA < t Z. If for some reason ti < t
ABA21ZT AB'

then the indices in equations (2) should be inverted.

The P >,ittons now follow:

Case 1: 0 * t I t AB

Y tt
v~r 

(3)

y A(t) A ( t A
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Cae II: t AB 9 t < tzl

y r a. xAB

- by (5)

where tA B

Yk~ ABB r y(g) dg
o

xA(tAB) = xAB0

xZI'tAB) = YZIo.

Solving equations (5) using Laplace Transforms, wc hae:

s y y(tAB) =r- -a xA
s xG-A O  - b y.yB AB 0 sx~ x~ =by.(6)

Rewriting equations (6) and solving algetraically, -6v get:

aAB / y + Y(tAB

b (AB ( XABoA7)

Let 6 aAB ()

Then
'- +y t B ;s a.9 xA] 0

r- +1YA E r Y(tAB) B - Ab

Me pertiaient Lptace Transforms ,

sih at a 2
a - a

cosh at q Z
2 2



The solution to equations (9) in the time domein t < t'< t ci ke written:
AB- ZI

y(t) -y(t ) cosh J-&tJt- aA --A sia-J t

0T 0

+ L -

XAB(t) =xAB0  cnhB y ( t AB ) sinh ' t '-

f b r- 
fuA

L --- I ; tAB<5 t<' tZl ii

The last term in both expresuions of equations (1.3), L'td, denotes

the inverse Laplace Transformation of a function of r~--ry(t) which

represente y's thrust into the terminal access or combat area. An example

of this type of time function would be a step or impluse function, a constant,

an s-shaped curve, etc.

Case III: tzl < t

ry aABXAB - UxZI

XA- bWr
where (V+ y) 1 .0

where
yAtzl At ¥ ) cosh tZl" -- \ xA 0  inh/ - tz

+L- I {y2

2 t t z I

xAB(tzI) XAB cosh /a (' y(tAB) inh i tZI

-L" {--- t tz

x (t& a : o"
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Again using laplace Trewaform we convert equation.s (12) irtc, a set

ur &Lgobraic equatlIonS:

" Ay xOtI) r-a b~ O

, Z -z(ti -- b y (13)

Rewriting in atrix form

8a a aZ11 (y Yt,

"A r-A(t~l) /
Let 6 03 as- A 4 y%) . (15)

3b(% e7 )

Then

1 {f+ Y~Z, ]2 _-[xjtZ) aZ_ + xA_(tZ) ,

3

k E1I y.(tZ1 b a}
xA 1 {x-(t.) 82 + xaB'tA yb-'C ~ 7 1 ]

T3

NZ fb a (16

Trazwforuing back to the time dorin

y~~t) iJ-'z, {ohVz A y&j}b

[x, t~)aZ +xA tZ)3~
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XAB(t) " XAB(tZI) sh /(C aA i y )b t

a (f. aAB  Y aZ) oosh) '(& {AB 4 y aZy b' t - 1

- Y(t,'I) sinh/:A a,,) b\t

(y aA + y 8 ) r A.. B + .

- a b rV-
L 3

xZ1 (t) =X7.(tZI) cos-h /"(taA -T aZJb\ t

+ aI[C1 -<1 (tZ) - Y xAB(t.)] {cosh '(, y.A a i

1 1 3t. (17)

Figure 2 summarizes equations (4), (ii) and (17).

Generalization6 of the equations shown in Figure 2 can be made by

assuming an arbitrary number of bases ut. lized by x in the deployment of

li"ted war forces throughout the world. Also y can project his forces

into more than one terminal access area at any given time period and in such

a manner as to cause x the inconvenience of committing forces to the

wroug access area (spoofing). In this way y can achieve a terminal access

area objective with a minimum of resources. To handle such problems, the

mocbl developed above can be extended to include n bases for deployment

of x forces, 1.-., X1, x2 . . . x-, ond z possible terminal aLcess areas

available to y, i.e., Y1 , y2 . . . m In order to simplify the requlting

differential equations, we will %ssume that x will deploy forces

to each yi; J = 1 to m from a given subset of the n available bases

where no baae will deploy forces to more than one access area. If more than

one ..cess area is being countered by one of x bases, then a different

ban. at the same geographic location can be defined for each terminal
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access being countered. This not too constrairIng essu ption will allow

us to uncouple each of ys attrition rates leaving these rates a
function of some subset of x's n bases.
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D. A NW NTWOTAI(E OF WR ASSAULT )O
* .4

With the statAment of the problem of strategic basing of limited war

forces in the previous sections of thi3 study and the construct n of a

mathetical model to reflect the real wrld problem in an abstract manner,

one cannot help but notice the similarity of the equations summarized in

Figure 2 and the assault model developed in Volume I of this study. To

illustrate this similarity, let us develop a scenario based upon the

equations of Figure 2, only in the format of the assaul- model of Volu I.

Let y with an attrition rate b invade a terminal access area (TA)

uniformly in +ime. Assume tne existence of native resistance to y as y

proceeds to occupy more and more of the terminal access area as a function

of time (e.g., as masured in days). Let x have a vital interest in

supporting the natives .. i their resistance to y. To acconplish x's support

his forcer are preposItioned within Yhe defined theater of operation (AB)

and have available forces in a state 6f readiness at home (ZI).

Allow more than one theater of operation (AB) and if Y prepositions

his forces at advance bases, assme this allocation of limited war forces

mst be divided equally amongst all the theaters of operation. Given the

order, x's forces with an attrition rate, a can respond to y's invasion

after a given time which can be functional.y related to t~e state of

readiness of x's forces, the speed of tran p .tation available to move his
forces, and the distance of the terminal accost area to the location of

x's preposi" oned and/or combat--r:hedy forces. Based upon this simple

scenario, one can ask the following questiszs:

Now much of his total force should x preposition in the
theater of operations adjacent to the terminal access
areas vulnerable to inv"ion?

What response timt o y's thrust should x use in contmction
with the allocation of forces both at the advance base (AR)
and the zone of the interior (2I)?

What effect doe the attrition rates a and b have upon
x's allocation of forces?
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Gi-mn a native resistance in the termirl access area,

at what rate and in what quantity should y plan to
inject forces into the terminal access area in order to
achieve success against not only the natives but x as
well?

What constAtutes success (or failure) for each side, and what
type of pay-off function adequately measues each side's
objectives?

Note that the scenario described above does not define a realistic

allocation of forces for y. One can give y an allocation by assuming a

certain pe~centage of his forces are projected into the termJnal access

area at the time the invasion is initiated and the rest of y's forces

following at a constant daily rate until y's total force has been deployed.

If we let the percentage of y's force instantly deployed rui" the gamut of

possibilities (i.e., from 0 to 100%), then a derision surface can be

generated. The problem with y's allocation decision is that intuitively

one car see no disadvantage to the deployment of all of y's force when the

invasion is initiated. How-ever, from a constraint point of view, y might

not be able to deploy all his forces imediately and therefore, it would

be of interest to determine if any minimu= rates of deployment for y

exist in order to achieve a successful objective. As for x, there are

both advantages and disadvantageo in the spsctrum of allocation choices a

a-iealistic game- 'heoretic solution exists.

As for the pay-off for both sides, one would be tempted to use the

same nay-offs defined in the Assault Model of Volume I. That is, the time

length of battle (in this case the time length of ,aqeign would be

appropriate) and the number of excess survivors of the winning side for a

given threshhold of survivors for the losing side. The time length of

tattle criteria would be more applicable to the veaer side, whereas, thv

number of excess survivors would be a more appropriate measLte of succesl

for the stronger side.

Figure 3 sumrizes a standard case for the above defined scenario and

Figure 4 yields the results of a wichine ri= of this scenario us. ng tne

esualt model. The caluwam of rigure 4 represent the allocation of x to

the advance base (AB) starting vith the 100% allocation on the left. Above

these colums are shmm the ntibe- of forces actually deployed i oto battle



22

'OOO of Yn where n is
ln dltermined by

S =n days =Y
n n 25,000

= d y-

Y2 = 1000,

(Zo Y1 =  10, 3500, 6o00 ... 25,00

U2 /ttrition 
Rate b = .01

Native Forces =10:000

Att:'itjion Rate, = T A0 tA 3 ds AB
6native 0
tzi lO daAt= r ion Nte :

a =

t ZI 1days "I No te:

Assume t.o advanced
bases with only one
being able to respond

Attritior .--ate / egainst y.

U x! ZI + 2x /,B  50, OX

.A 000,OOC ... 56,OoW

Allocation of x 0AB = 0, 2E00, 50) .. 25,000

_FI1Cr!1 T. Sma ~ NI~(2ARIO ok, D UJPON~ M.1 ASjAUL! 40DEL
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Figure 4. N1?BER OF x S1tVIVORS AND LENGTH OF CAMPAIGN IN DAYS FOR THE

y INVASION ILLUS ATED IN FIGURE 3.

(35000) (37500) (40000) (42500) (45000) (47500) (5oooo) (52500) (55000) (57500) (6o000 ,.
a) Survivors (men)

?1977 26490 30352 33868 3T167 40319 43363 46326 49225 52075 549i2

21521 26116 30016 33554 36869 40031 43082 46051 48955 518o8 54654

21073 25752 29691 33252 36581 39753 42812 45787 48696 51552 54407

20633 25400 29378 32962 36305 39487 42554 4553L 38337 51307 54170

20202 25060 29077 32682 36040 39232 43206 45291 48209 51073 53944

19466 24732 28788 32415 35786 38988 42069 45060 47982 50849 53729

19370 24417 28511 32145 35544 38755 41843 4484o 47705 5o636 53525

18969 24115 28247 31916 35315 38535 41624 44630 37560, 50433 53331

18581 23826 27997 31686 35100 38329 41420 44429 47 36;: 50240 53141

b) Length of Campaign (days)

).44 119 lO4 93 85 79 74 69 65 62 59

147 1?1 105 94 86 (9 74 69 66 62 59
150 122 106 95 86 80 74 70 66 62 5

153 124 107 96 87 80 75 -0 66 63
156 126 10 96 88 61 75 70 66 63 0

159 127 109 97 88 F1 75 71 67 63 @
!63 129 110 101 89 82 76 71 67 63 (

I A 130 il 98 9 82 77 71 67 64

~132~ =2F 64
c) x's Casualties

13Z23 1010 9646 8632 7633 7181 6637 6174 5775 5425

134-9 11384 984 8946 6131 7469. 618 6449 6045 69?

13927 11748 10309 9248 8-19 7747 788 67113 6304 3448 (--D

14367 ,21o - 1o6&2 9538 8695 &013 746 6966 6553 6193 =0
14798 12440 10923 ,4816 865 3 7688 9 8 7aY 6791 6427 =W56

15514 12768 1124z 10085 9zPi 8512 71931 4 ,O 7018 6651 6 HD
15630 13083 11489 10355 9456 874z 8157 76& 7235 6864
16031 13385 11753 10584 9685 8'5 837- 7870 7440 7067
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by x (tLis inmiluaes native resistance). Since this number is a variable,

(Figure 4c) was included to indicate casualties rather than survivors

because it -im felt that the casualty pay-off to x would be more mwaningful.

The row of these matrices (Figure 4) represent y's invasion of the terminal

access. The first rev indicates the result of a linear flow of forces

(1000 mn/day). The second row indicates the sam linear flow of troops,

howevei, the first day 2,000 ven initiate the invasion. The third row

again indicates i,000 men/day flow of forces, however, the first day is

increased to 3,000 men. Ibis process is repeated for nine rows.

The optimm (min-max - max-mia) strategy for both sides is in the

lover right-hand corner of Figure 4b and ,-. That is x shotad station

his forces in the zone of the iuterior I)and y should inject as many of

his forces into the in-asion the first day as possib.. &&t ia even more

important is that the surfaces (both casualties and campedgn time) coLtain

no decision thresholds which are different from the basic strategies.*

Also, x's response time is inoensiti.'e to the pay-off as defined by length

of campaign. However, x's total number of forces deployed to the terminal

access area influenced the cptiam pay-off consider-bly. One questions

the visdt-su of stationing forces overseas for the purpose of reoWning to

a single threat if these forces must be spread out over many theat.e*s of

operations. However, the real vrld contaIns ny terminal access areas

as potential limited war threats and splitting forces betwee, overseas

theaters of operatlons(AB) and . zone of interior (ZI) may hae a

rationale. The purpo.. of thin study then is to determine =der what

conditiona the stationirn of limited var for-:et at advanced bases overseas

becos desirable if the prime puryp. e of such depioyvunt is to counter

enemy thrusts into mny potent. al tarminal access areas over the earth.

aet Appendilx A for the detldtion ar e n tof Vhresholcd.
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E, TE STATEGIC PROBLEM IN BASNG LITED WAR FCRCES

1. The Recommitment Probler. .

The results of the last section illustrate the problem in its basic

simplicitj. or a single terminal access area conflict, the trade-off in

having "quick" response-time resulting in a smaller aimount of resources

(limited war forces) to be deployed does not JustfY the stationing of
these forces overseas if the defender mist spread his forces over many

thea'Gers of operations when stationing them away from the zone of the

interior. Of course, it can also be assumed that given enough time all

the forces available to the defender at Advaiced bases could be injected

into the conflict area, thus removing the dhi(advantage of precommitting

forces ,o advance bases. This scenario can be abstracted in the following

manrer:

Blue, defending ten different terminal access areas from possible

invasion by red, prepositions part of all of his forces e-lualy to the ten

terminal access areas or maintains part or all of his forces in alert

status in the zone of interior. The exact allocation of total forces

between geographic positions is a strategic decision variable to be

optimized by blue. On the :.her hand red chooses from a uniform distribution

in a random manner one of the ten terminal access areas to invaie and

allocates his forces into two groups. One group is to directly engage

blue's prepositioned force. The other group is to prevent bl-ue from

reinforcing his prepositioned forces by a cutoff action. Thds aliocation

of total forces etwecn dircct ccmbat w-' blue and a cutoff act

represents red's strategic decision variable. A stwnda-d corf'!uration

for the abo've scenario is illustrated in rigure 5. Figure b gives the

Input parameters for L e in the Assault Azdel. TMo payoffs were 'zi- uted

in t'is scenario: the num>er of bl, e survivors when red's troxps ire

reduced to zero (B - R) an the length of time (in days) of the ca:ptig

t. The parameter that vas veried In tlhi- : particular scenario wvL the order

If blue defends all the ternitna. acces areas equall), blue is assu Ing
that red w'll attack any of the areas id th equal probability. Any variance
from this strategy or red' a part can be treated as another pazancter in
toe scenario.
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STRATGIC VARIABLE

UNIT TROOP ALLCAT1? ( At t %e A ItMR OPPONENT
~(No. of Fighti±- M4en) (Dyu) (IDyk Kid. Men 0POET PNNT

o 0 1.5 .4 Ri, R2, R3  R
'B 1.5 1.5 .4 1,R2,R.

13.0 1.5 . R4  R1, ?R 3

I l5 0 B1 1  50OO 3.0 1.5 .4 RL ,R.z,R 3
B16  4.5 1.5 .4 R4  R1, R2, R3

I 4,5 1. .4 R ,R2 ,R3
B63.0 1.5 .4 R RI,R 2, 3

B19  0 6.0 1.5" .4 R4  RInZ,R3

B1I 0  7.5 1.5 .4 R 14 R,R 2 , R3

B2  0 B 50,000 7.0 1.5 .4 R4 R1 ,R2,h 3

B 6.o 10 .4 R

.0 1753 5 1.5 .2 BII 2'II
B 2 0 x oto 50,000 11.0 ) .4 R 4 t,2o

Rh 0 5 R 4 x .15 B2, Bli None

L2 0 to 50, 000 !1= 2 to iC

Figure 6. rLYPT PARAMMES TO MKE RECOMI4ITMET
SCEARIO CF FIGURE 5.
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of battle (number cf troops) ratio between the both sides R/B; IOP , <

50 000 '

Figure 7 gives the complete so1ltion to this scenario as a function of

the order of battle ratio parameter (RB) and defined payoffs (B - R) and
-b. The first colup'm on the left illustrates the unrestricted play of the

game for both blue Ithe defender) and red (the attacker) in terms of blue

survivors (blue x -minimi es and red minum-maxiieQs), utilyzing

the min-max = max-sin criteria if applicable. The basic strategy for both

sides using the length of campaign t payoff (Figure 7 third column) ie

differentiated by circles 'Q' and crosses 'X' depending upon whether blue

atten~ts to guarantee in a game-theoretic sense a minim= or maximum length

of campaign time t.

The results of Figure 7 indicate that red, the attacker ",ing the

(B - R) criteria, initiates the invasion of the terminal access area A)

with all his forcea prepare" for iediate combat against blue's precmittted

forces. On the other hand blue, the defender, will in general deploy in

the zone of the Interior OU)until rfd's invasion has been initiated and
then deploy against red after seven days (Figure 6). This period of time

representa the embarkation, transportetion, and final easault time for

blue's forces. The second colmL. of Figure 7 indicates the constraints on

blue, the def-ader, in playing optimally. These constraints are based
upon the natural discontinuity levels of the blue-red decision (payoff)

surface as defined in Volume I of thia study. The second chart from the top

in column two of vigure 7 indicates that blue must keep at most over 90%

and at least oer 60% of his forces deployed in the ZI in order that the

above unrestricted strategies apply. 7he vowaition in this threshold seem

to be a linear function of the size of the invading red's forces relative

to blue (R/B). The higher the threshold the smaller the invading force.

When the Invading force equals the defending force (R/B - 1), no threshold

exists. This mepns blaw's strategy is to alwoys deploy as many of e's forces

as possible from ZI. For other values of (R/B j 1), blue's constrained
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strategy changes basically to co=3int ng his forces to the TA before the

Invasion if his threshold ZI commitment is not exceeded (see second and

third chart from the top of the second colum of Figurc 7). SuMarXi

the -,licy maker's decision criteria for blue seems to be that e

stronger the invading threat (red), the less constrained * defender_(blie)

is in keeping his forces in the ZI when alaying opt .e., deployment

from ZI). This rule is demonstrated in its extreze i, the case of Rit = I

where no threshold exists. That is no wtter how nax or blue's forces

are constrained to be stationed in the various oversas TA's, thA rest

should be deployed from the ZI in order to insure op imality in allocation.

In other words, for the case of R/B = 1, tbere is ne er a "flip-flop"

op imum decision change from ZI to TA force deploymet based upon a

natural discontinuity level (threshold) of the decisin surface as there

is for values of R/ 1.

The analysis of the strategies based upon the length of campaig t

yields a completely different picture (third column, Figuxe 7). First of

all, there are no natural discontiulity levels in the decision surface

(fourth column, Figure 7). Red, -.. invader's optimal strategy is

basically to attack the TA if attempting to maxindze (in a game-theoretic

sense) the length of campaign t and deploy his fcr zs in a cutoff

operation if attempting to minimi"' nue csmpalgn time. For R/B < 1,

,where red loses the campaign, . .e former payoff would be sensible for red.

When ./B = 1, red almost L gains parity with blue and the latter payoff

breaks down into - yw.-,teoretic mixed rtrategy- (for red minimizing)

indicating that both :Lie better kec their strategies a secret. This is

dcne by both sides randomizing their trategic variables according to U

distribution law developed Vrcm a generalization of the min-ax = max-min

payoff criteria. For requirements analysis purposes (as opposed to the

active evaluation of specific scenarios), mixed strategies are not too

meaningful except at the point at which they go from pure to mixed.. The

reason for this is that the analyst would never knowingly state a system

requirement without knowing the outcome to be guaranteed by such a

requirement.
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Blue, the defene-r, which in this case is the superior force, would

attempt to minimize the length of campaign, plays optimally by defending

the IA's directly and recommitting all forces to the TA being invaded

according to the timL schedules shown in Figure 6. The exception is when

R/S = end parity between the sides almst occurs, blue's optimal

si -.teKr reverts to ZI deployment.

If on the other hand blue attempts to maximize the campaign length t,

because this scenario represents the initial disposition of forces in a

continuing camain, blue's strategy is very definitely tied to a specific

allocation of forces between the ZI and TA which -1: Q function of the time

delays defined in Figure 6. The second chart from the bL+.om of the third

column of Figure 7 indicates that as the intensity of threat increases the

allocation of total forces shifts in favor of the terminal acc. , areas.

Summarizing, this analysis of a rather artificial scenario indicates

significant decision levels and corresponding thresholds exist which are

inherent to the problem. Factors of space, timc, and forces available as

delineated i. Figure 6 have dir-ct functional relationships with respect

to the structure of the problem as defined by the specific payoffs used.

Because of this, the analysis of a realistic scenario which will define

specific space and time characteristics seems appropri-te. This will be

the subject matter of the next section.

2. A War in Southeast Asia
a. Introduction

If blue, the defender, mintains control of the seas, then red, the

attacker, is limited to expansionist activIties in the peripheral terminal

access areas only. The scenario illustrated in Figure 8 give3 n significant

real worl! situation which can be used as the basis for the analysis of Lhe

logistic chara-ateristics of the strategic basing problem for limited war

forces of both thi United States of America (blue the defender) and the

Chinese Mainland (red the attacker). Three general terminal access areas
can easily be defined for red. They are: (1) India/turma; (2) Korea; and

(3) the general area defined by Thailand/LaoI/Camboia/South Vietnam. Blue can

counter such a threat in two ways. The first by resisting the invasion of

the above defined terminal access areas by the projection of troops fror.
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the ZI and/or an advanced base such as Hawaii, Formosa, Okinawa:

Philippines, Japan, Korea and South Vietnam. These latter two advanced

bases are also terminal access areas. The second method of resistir

red' s peripheral expansion would be to directly attack red's homeland and

fc:ce red to reconndit her forces in the defense of the homeland. The

great circle distancei between the nations involved in this scenario are

shown in Figure 9. The large distances involved in this scenario are

directly related to the magnitude of the lgistics problems facing blues

the defender.

Just where should blue station its forces (ZI or AB)?

In what state of readiness should blue be when red initiates the
attack against TA's No. 1, No. 2, and No. 3?

And what level of fire power relative to red should blue use in
countering the attack?

are questions to be answered by analyzing the above scenario.

b. A Standard Case

Figure 10 represents an idealization of the Southeast Asia War

Scenario with the arrows indicating the logical projection (both initial

deployment and recommitment) of fcces foi. both sides as a function of time.

Again the Assault Model of VolumL T will be used. Figure 11 indicates the

input parameters of the Assault Model and the corresponding interpretation

of these parameters from the logistic point of view. The normalized attrition

constant 'a' has been redefined as casualties per opposing force per

campaigE time. '1hus we can talk about the defeated side having 100%

casualties if we define a casualty as a menber of the force that can no

longer fight. In this way the Assault Model of Volume i will still be

applicable only with Lanchester's differential law of combat being

applied to the fighting over the total theater of operations rather than

Just over a particular battlefield. The basic value of the normalized

attrition constant 'a' used j-w both sides (blue and red) is .001. The

derivation of this number is based upon the assuntion that the numbers

of troops committed to a caspaign of the type defined above by both sides

is usually of the same order of magnitude (Reference 2). Therefore, the

rrtio of casualties to opposing forces of ether 6i~e is of the order of

magnitude of one. Then what remains of the normalized attrition constant
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'a' is the inverse of the campaign tdiom (in days). In recent years (this

century) conventional wars of the magnitude inherent to the Southeast

Asia scenario postulated above have lasted from three to five years which

converts to a normalized attrition constant 'a' of the order of magnitude

of one-thousandth [i.e. .001 in units of (days)-'] or order of magnitude

0 (.001) in days. The reader should not worry about the accursacy of this

estimate of 'a' since the results of the following analysis will not be

dependent upon this absolute value used. As one can see in Figure ll,

blue, the defeader, will trade-off his inferiority in order of battle

ratio (i.e.. B/R S .5) in part by deploying his forces with greater

firepowex (by orders of magnitude .001 < a < 1.0) in order to acnieve

the necessary superiority. The question as to when blue's excess fire-

power relative to red compensates for the low order of battle ratio is

more important than the determination of either side's absolute value of

the normalized attrition constant. Qnce blue's factor of superiority

relative to red is known, then other models will have to convert such

information into battlefield strategy and tactics (Reference 1, section

II, E). of course, there are other trade-off factors available to blue

to achieve cmaign objectives. They are shown in Figure 11 as time

delays At and td; which when interpreted in light of the Southeast Asia

scenario represent deployment and recommitment times of both side' i

forces over the various terminal access areas. Again the derivation of

the numbers shown in Figure U1 does not influence the future analysis.

What ieally is in'ortant is the overall sensitivity of these mobility

factors (At and td) to the cojectives of each side during and after

the ce.Vaign. Thus it shou~id be possible to determine the contribution

of readiness of troops, embarkation and moeement time, assaalt time, and

recomwitment time tovardz each side achieving its objectives. As an

examle, these parsweters might be alloved to vary in .auch a manner as to

describe the characteristics of certain transport devices such aa troop
trasport (e.g., 10 knots), hiydrofoil (e.g., 50 knots), cn/or jet

aircraft (e.g., 600 knots) in order to determine their individual

contributior- ... ther side' s success. A simuar statement can be

made about a.notier parametric input 'to the model which reffeate a rtal

vorld attribute (e.g., order of battle ratio).
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# See Figure 9

% TA -*I 130OdaspZI -6 A0- 5 d-W ( aam t bevaried).
P PractIc&Ly a guess but seems reasonable.

K The advanl.e base AB .d terminmi access TA #2 and #3 are the same.
15 day fixed deployment time cozponent based upon readiness = 0,
embarkation - l0 days, and assault = 5 days.

At 0 representr red's cap.bilitv to initiate the invasion ofthe Lbree terminal access areas (TA) simultaneously.
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Figure 12 indicates the basic play of the variable parameter for the

standard case is the numbe of troops in blue's force. This value varies

from 100,OOC to 1,000,000 men wile red utilizes a constant number of

?,000,000 men. Both sides allocate aLL their forces either to the threL

terminal acce.s areas equally (zA No. 1, 2, 3) and whatever is left over

to the Chinese homeJL - (TA No. 0). This allocation between TA No. 0 and

TA No. 1, 2, 3 is done 10% intervals of total forces (see Referer - 1)

and is called the strategic variables available o both sides. Blue's

partial or complete allocation to TA No. 0 denotes his intention to

resist red's invasion of TA No. 1, 2, and 3 by forcing red to defend his

homeland, if red initiates an invasion of TA No. 1, 2, and 3. Red

recognizing the possibility of blue's 2-fensive strategy to attack TA No. 0

must decide how mch, ii any, of his forces must be allocated to TA No. 0

for possible defensive combat. Both allccal.ons are strategic variables

and will hosen using the game theoretic criteria similar to .t used

in Volume I of this study. Two p-voffs are available in this scenario.

They are nur 'rs of forces that survive (do not become e casualty) when

one side has 100% casualties (in the sense defined above) and the to -l

time of campaign in days. In this latter payoff the victori;us side will

attempt to guarantee a minimum time and the loser will guarantee a maxim=u

time. The reasons for this were explained in the analysis of the

reconmitment scenario (section E, 1).

The vesu. ts of the game as defined by the inputs in Figure 12 are

shown in Figure 13. The first column denotes the unrestricted play of the

game where pure strategies exist for both sides with each allocating all

or 100% of their forces to TA 11o. 0 (i.e., fB* IR lO0 for 3:

.1 X 106 < B . 1,0 X 10). The length of campaign varfes directly with

B and goes from 95 days to 594 days (sec second graph, first column,

Figure 13). This analysis appea.3 to be incompatible with the real vorld

scenario defined above iii zhich red, the attacker, was supposed to i6nitiate

the action with a simalt-neous invasion of TA No. 1, 2, and 3. Yet in

red' s optimO1 play of the game, 'Hs allocation should hay been to TA No. 0

or defend the homelamd against blue's response to the invasion. This

dilemma can be rectified, if the analyst constrains red to

define his intentions towards TA No. 1, 2, and 3 in terms that can
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Figure 12 SOUMAST ASIA SCEWU0

ist 2nd.
Unit Troops bt t, Attrition Level Level

R0  0 to 2 X 106 in1% 0 0 .001 B0intervals

S 60 .001 I  B0

R2 2 X 10 - each 0 60 .001 B2  B03

R3 0 90 101 Bq B

B 0 to B lere 45 0 .001 P
B -. 1 X 0 , .4 X 106,

• 7X 106, 1.0 x lO in
10% intervalr

B1  0 75 .001 R, R0

B each 0 75 .GO1 R2  R0

B31 28 75 .001 R3  R0

*
Readiness = 0

Embarkation + Mvement + A ,sau1 = 15 + V

v = 240 st.nm./day Direct

Embarkation + Mvement + Assault = (R1 R2 R3 ) = (60, 60, 90) Recomiwt

(B1 F2 B3 ) - (75, 75, 75) Recomit"
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be put into the mathematical model bein6 used. Tni is accompliehed by

forcing red tn allocate at least 10% of his total forces '- ^ Nu. 1, 2, -4 A

and 3. In the language of the model, red's strategic variable runs from

10% to 100% to TA No. 1, 2, and 3 in ten per cent intervals while blue;

the defender, has the unconstrained (free) strategic choice of allocating'

any part of his total resources to TA No. 1, 2, and 3 while the

remainder goes to TA No. 0. The play of this partially constrained

game r'esults in a mixed strategy whizh means both sides secretly

randomize their choice of troop allocation in conformance with the

solution of the game. However, if red should feel constrained to con-it

at least 50% of his forces to the invasion of TA No. 1, 2, anc, 3, t)cn the

optimal strategies would revert back to pure strategies with red

allocating all its forces to TA No. 1, 2, and 3, and blue allocating all

to TA No.0C (ice., tB *j = {0, 1} for B: .1X16SB :5 -1.0 X 106).

The second column of Figure 13 indicates these resulte. The per cent

initiating the inrnasion of TA No. 1, 2, and 3 (constraint for red) is
indicated by the circle 's" In the second graph of the second column.

Red's constraint band from 10% to 50%, representing a mixed strategy,

indicates from the real world point of view indecision on red's part to

commit all his troops to TA No. I, 2, and 3 if constrained to commit up

to 50% of his forces in initiating the invasion. However, if 50% or

more of his forces, for real world reasons, are committed to invading

TA No. 1, 2, and 3, then the optimal bc-rtegy for red would be to commit

all his forces to TA No. 1, 2, and 3. On the other hand, blue's response

strategy would be to attack red at TA No. 0 and force red to return to

his homeland to defend himself (see third and fourth graph, second

column, Figure 13).

The third column of Figure 13 indicates the natu, al constraints in

blue's decision structure assuming red was not constrained at all. A

real worLd situation which would correspond to this case would be red

atteusting a deceptive move against blue which would esult in blue

acting against red w .thout red ever committig forces to TA Ynh 1, 2, and 3.

In strategic warfare language "his is culied blue's pre-ez$ive strike.
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If blue is constrained t: kee at least 30% of his forces overseas at

T. No. 1, 2, and 3, then the optimal solution for both sides ib:
* R*}1 Pi, Ol for B: .1 x 106 B. 1.0 x 106. A mixed strategy

occurs between !0% and 30% for blue order of battle magitudes of
.7 x 10 B.: 1.0 x 106. For 30% and over, blue strategy is pure,

i.e., all forces axe -.1ocated to TA No. 1, 2, and 3. For low order of

battle retios, i.e., when R: .1 x IC6 < P - .4 x l0 , there is a
clearcut "flip-flop" decision discontinuity level Pt 30" which has
siLCmiicance In thi study. If olue is at most constrained to keep up
to, uut not including, 30p if hIs forces oversaeae k.e.,, less than

30% allo-.sted to TA No. 1, 2, and 3) his optimal strategy is to keep
no- of his remaining forces overseas; but rather 100% of his remaining

forces allocated to the ZI for offensive action ageinst TA No. 0. In

the meantime, red always allocates optimally when defending the homeland

(last graph, third column, Fi we 13). Since nothing in the model
-eflects blue's intentions except his constraining &Uocaion of up
o but not including 30% of his torces deplojed to TA No. 1, 2, and 3,
the analyst can understand blue's hesitancy to allocate all his forces

to TA No. 1, 2, and 3 as a form of deterrence. Notice this was not

true of the red-constrained-strategy of the second column of Figure 13.

Once red ws committed to a 10% invasion of TA SNo. 1, 2 and 3, the
payoff yieldei a mixed strategy up to a 50% invasion constraint, and a
pure strategy of full commitment beyond the 50% cLstraint. Mixed

strategy denotes the random possiAility of a full commitment which from
the reel world point of view is similar to pure strategy, though it
certaitly does not imply a form of deterrence. In the next section,

the author will sttemt to quatify, from each of the combatants' point
of viev, the intentions of deterrence, and will continue +.his line of

reasoning in 'rd r to, achieve a special measure of merit for the design
and evaluation of limited war basing configurations.

FInally, the fourth col mn of Figure 13 indicates blue's natural
discontinuity decision level when red is constrained to attack TA No.

1, 2, and 3. At blue's 10% constraint level, the oPtimal strategy for

both sides Appears to be the allocation of all their fcrces to TA No.
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1, 2, and 3. (i.e., 1B, R* 1 {l1 f or B: .~x 106 < B 5 1.o 0 l. It
6When B = .1 x 10 , the coatralat threshold goes to 30%. Below both

these constraInt thresholds (dovn to the 0% level), mixed stratcges are

epplicable. This case represents the real world situation that exists

toda y in which blue is committed (constrained) to defend klainst red'3

invasion (again a constraint) of TA No. 1, 2, and 3. Neither red nor

blue has yet made his optimum allocation decisions and the inde'ision

will, in the Pature, pro-bly result in random choices of full or

minimum oommitment of forces. However, if blue decides to go over its

natural lis continuity threshold level (see second graph, fourth col1-nm,

Figure 13), both sides will fight it out ss a pure strategy at TA No.

1, 2, and 3.

C. Deterrence

"The ideal situation would he t be able to project
just enough limited war forces at sufficient speed
to deter the opposition from acting at all."

(Section IIA)

How does one achieve the above "ideal" for blue's (the defender's)

limited war system in terms of .he following: available strategic basin;

configurations, the firepo-wer levels technically and politically

feasible, the strategic reaction times possible, ordei of battle, and

similar characteristics attributed to red (the attacker)?

The standard case of "A War in Southeast Asia," analyzed in the

last section, gave some clues ,s to how one would go about definir4 the

ideal situation. This cpse presents both sides with their natural

environmental, logistic, and constraining advautages and disadvantages.

It assumes equality in firepower (as reflected by the parameter a' .

Blue, with an inferior number of combatants, constrained by long

logistic pipe-lines and inherently defensive intentions, must present

Its limited war systems characteristics to red in such a crediole rorce

posture that red, when acting in a ratioraLL manner, will not attAcx; or

Ir redu ecDOvs irrationa,. an does initiate an attack, red's (tnru his

non-OptlmM play) Y1l lose the war.
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In the last section it was noted that the decision to deploy forL 3

in an aggressive way had a natural discontinulty level in which the 0

milltary planner, if forced to oDnt at least a cerrTan percentage of

his forces (this percentage being a natura- discontinuity of the decision

surface), would cutomatically commit all of his forces. In terms of the

Southeast Asia Scenario, is it possible for blue, the defender, to

present a Vhrce posture such that red, the attacker, would never "go all

the way" if red was constrained or forced to "go part of tle way"? If

blue could present such a force pos1 -e, it could be said that blue

e deterred x,4, the attacker, provided red was rational. For

if red intended to attack (this intention definted in model language as

a constraint to comit forces) and then examined its optimal strategy

to commit its remaining forces and found tht such a strategy was

instead a defense of the homeland, one can question red's feeling of

superiority tle committing an aggressive act. If red was acting

rationally, he would be de erred if the outcome of the game (i.e., the

determination of who would "e the winner if red iniiated the camptagn)

was obscure. If red was irrational, then blue would have to present a

force posture to red mu,-h in excess of deterrence such that red's degree

of irrationality could be effectively lowered to a rationFi level.

Although deterrence as defined above is a weaker criterit, than achieving

a winning campaign objective, ir. is conceivable that one caz 1at be

achieved without the other. In fact the analysis of the next section

indicates that deterrence and overwhel-ing suaperiority for certain

modes of fire power application are the same

Using the above definitions of deterrence, and considering the

standard "se of "t War in Southeast Agia" scenario as a basis of

inroving blue's prospects, the author will attept to configure a

reasonable limited war system and the eny problems associated with

strategic basing.
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3. Firepower (r-,rmalized Attritin Contan)

a. Incremental Firepower to all Terminal Access Areas (TA No. 0, 1, 2, 3) ; .

In order to effectively counter red's overwhelming numerical

superlority, a reasonable normlized att..Ltion constant for blue must be

ietezminad. No other model parameter can effectively trade off this

order of battle dispe ity. In order to keep the analysis at reasonable

length, the number of troops assigned to the defender, blue, was made a

.onstant equal to .4 x 106, and all time delay inputs were kept the same

as uqe slandard case. To get the gross effect of the normalized attriticn

ceustar (which is proportional to relative firepower) on the scenario

c'Jectives (payoffs), a computer run varying a: .001 2_ a Z '.0 was

zade. The agplicbtion of this incremeta, firc)ower b, blue against

red -as made to all terminal access areas (,A No. 0, 1, 2, and 3). The

res-, .ts are presented in the same mnar-r as the standard case aove,

Again, t.e umdstricted play of the game (first column, Figure 14) indicaues

both sides playing optimally with blue attacking and red defending

TA No. 0. nbe firepower break-even poin' for blue is a = .025 as is

_pected from the model' s use of Lanchester's Square Law for Ane

differential law of combat. The car.paign time t* when a = .025, goes

to infi ity only mathematically; such a point in the solution of

L'.nchester's Equatio,js being a singular point, in the second column of

Figare 14, red is constrained to commit at least 10% of his forces to the

invasion of TA No. 1, 2, and 3, and the second cha7-t of this column

indicates the nature of red's optimal decision cor _ niig the rest of

red's uncomitted forces. This chart has been isolated and is preserted

as Figure 15. For value ' a: 0.CM 2l a> .014 red wins the campaign

no matter "hat decisions are m le by either side concerning the optimal

or non-optimal allocation of forzes either to TA No. 0 and/r TA No.

l, 2, an, 3. The optimal strategies available to red, once forced to

commit It least 10% but not greater than 50% cf his forces is obscure

becaus they exist in mixed form. A solution of these mdxed strategies

would indicate red (and blue) would randomize -6heir ailocations to

eithe.;r the homeland (TA No. 0) or to the invevion areas (rA No. 1, 2, and 31
&c-ording to uom* fixed probability distribution. Both sides would
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necessarily keep their random choice of allocation a secret to prevent

the other side from taki.g advuntage of the situation. One payoff would

then be computed based on a population of expected moves which represent

repeated plays of the game, Once red conmits at least 50" cf his forces

to the terminal access areas (TA Nc. 1, 2, and 3), the strategies again

become pure; (i.e.) B*, = {01 1). However, %n either case, if red

ii constrained or committed to attack with from 10% to over 50%, there

is at least a probability that red will chose to comnit all his forces

to TA No. 1, 2 and 3. Obviously, deterrence as defined above, has not

"%,foeen accosplished in this range of values of a: .001 a < .014 when rea

in forced - 'onirit to TA No. 1, 2 and 3. The range of values,

a: .014 S a < .0l7, shown in Figure 15 indicates the marginal play of

the game where both must play optimally in order to guarantee (in th e

game-theoretic serse) a given payoff. Th the left of the center line

(a = .0225) of this region, red, the attacker, wins if the play is

optimal, and to the right G7 this center line, blue, the defender, wins

if the play is optimal. Non-optimal play by either side can cause the

other side to gain a non-optimal a4vantage and result in a win. The

decision surface in this region of a: .014 < a < .047 lies boUh at-ove

and below the datum plane. That is (R - ?) can be positive or negative

depending upon the paOtcular allocation each side uses. The three

vertical lines defining this region are aerired from values of (R - B)

taken from critical allocation decisions for both sides which determine

the .har.c.tar of the decision aurface (see Figure 16).

The optimal strategy for red, when forced to comit .- least 10%

of his forces in the J-r-i_ n of a: .014 < a S .047, is basically the

saw so the left-hand aide of ligzre 15, (i.e., mixed strategy to the

50% conatraint level, and pure strategy beyond). Thus, we see that

evW if both sides -fere evenly matched, red, the att&cker, would not be

detex fr 'goix &LI rhe vay' once he had made a nominal (10$ or

tetter) col1tment to TA ko. 1, 2 az4d 3. In other vords, for the

prticular sceriazOo of "A War -n Sc'-theast Asia" being discussed,

blu~e does not deter red' by aetj a for-e poa tuire af parity MAganst

C red.
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Now, as we enter the range of value of a: .047 S a < 1.0, a

new phe±omena appears amongst the const:rained optimal strategies availab2e
to red. Though red is forced to commit at leas lO of his troops to the

terminal access areas (TA No. 1, 2, and 3), he no longer need project

his remaining troops to the same area in order to achieve optimal strategy.

Rather, his remaining forces may be committed to the defense of the

homeland (TA No. 0). Thus it becomes apparent that to constrain red to

invade the TA No. 1, 2 and 3 with at least 10% of his forces would not

cause a rational red to commit 100%. Instead, red, to play optimally,

must keep all the forces h, can in the defense of the homeland (TA -0. 0).

This constrained decision also represents a pure strategy and is valid

even if red is forced to commit from 30 - 50% of his forces to the

TA No. 1, 2 and 3. In other words, blue has deterred red from

reinforcing his allocation decision to 'go all the way'. The area of

validity of this deterrence is illustrated by the shaded area of Figure 15.

Notice this value of a: .047 _< a < 1.0 represer's an overwhelming

superiority of blue over red as far as the outcome of the campaign is

concerned as a function of blue's normalized attrition constant. Since

red's normalized attrition constant has remained a = .001 throughout this

analysisblue requires: (1) a saperiority factor of (.022) = 22.5 just.001
to obtain parity ( i.e., to make up for the disparity in order of battle)

under optimal play; and (2) a factor of (.1l) = 100, or over four times

the effective firepower of parity, for clearly defined deterrence. Needless

to say, the range of valuCs of 'a' pertinent to deterrence also assures

blue's eventual victory no matter what strategies either side may use.

In the real world, it is strongly implied that heavy firepower is

required to guarantee deterrence. This requirement questions he value

of using aircraft for strategic deployment of forces to combat areas if

the airlift does not also contain the capability of deploying che

necessary firepower along with such forces. Of course, the value of

airlifting forces to overseas terminal access areas could be due to the

increase in effectiveness of the operation derived from quick response

time as measured by td and At in the model. These parameters will

be analyzed in a later section.
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'he remaining analysis of the variation of the parameter firepower

(as measured by 'a' and applied to TA No. , 1, 2 and 3) is shown in the

third ard fourth columns of Figure 14. T+ indicates a threshold of

from lO% to 4o0% in stationing troops overseas in TA No. 1, 2, and 3. That

is, when blue is constrained to station forces overseas in amounts of at

least 30% of the total force level, then the optimal strategy is to

station 100% of his forces in the TA No. 1, 2 and 3 (see second graph,

third column, Figure 14). This constraint is true only when both blue

and red have the same normalize~d attrition constant which means any

aggrpssive action on red's part will result in red, the attacker, winlming.

This constrairt drops to 20% as parity is reached. When deterrence is

reached, blue's decision constraint is 10% for mixed strategies and

changes to a pure strategy at 30%, that strategy being all forces

allocated to TA No. 1, 2 and 3.

In the fourth column of Figure 14, red is forced to invade TA No.

1, 2 and 3 with at least 10% of his forces and blue's threshold for

stationing all forces overseas is at least 10%. Again note that red

has been deterred for values of a > . even though constrained to

commit 10% of its forces (see last chart, fourt, column, Fig-ure 14).

b. Incremental Firepower to the Aggressor Terminal Access Area

TA No. 0 Only

The last section assumed that superiority in directed firepower

would be applied to all terminal access areas without constraint. if

for real world reasons this increase in firepower were to be accomplished

through the use of tactical nuclear weapons, then a political constraint

might develop in which blue might want to apply such incremental !Orce

to the aggressor's homeland (TA No. 0) only. Our model applied su,7h a

constraint to a series of cawpaigns as defined by the war in the Southeast

Asia Standard Case and the results are presented in Figure 17.

The results are suprisingly different from those obtained in the

last section where unrestrained firepower was used. One major result

of this run indict -s that deterrence is achieved -ven before parity is
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reached (see second chart, second column, Figure 17). Also, if blue
achieved pairty or better, there would be no natural decision discontinuity

in blue's stationing of forces overseas. That is, blue would always keep

all the forces he could available for allocatiun to red's nomeland.

Thls conclusion assumes that blue will deploy sucn forces from the ZI

(delined in the standard case). It is possible that deployment from an

advance base is preferable, and this proposition will be analyzed later

when pbrameters At and td are varied.

Notice, aLso, tne iach of mixed strategies cnaracteristic of the

plv tn Figure 17 as compared witn tne results tabulated in Figure !4.

Eviaently, the localized application to TA No. u changes the shape of

the decision surface sucn that strategies become crystaL clear for both

sides, Indecision due - marginal payoffs available to both sides

(characteris'aic of iaixed. strategy) is removed. Secrecy concerning

decibion allocations is no longer required. This results in a considerable

raising of blue's deterrence level even though a parity or superiority

level between combatants will not exist unlesr blue attacks red's

homeland in sufficient force. Thus, a policy limited to deterrence through

increase in firepower must be compatible with blue'e intentions (policies)

as demonstrated by a willingness to attack the ho~rland only.

c. The Effect of Firepower on the Strategic Basing of Limited

War Forces

The effect of firepower, as represented ' the v ariation of the

normalized attrition constant, 'a', on the strategic basing of limited

war forces has b%.en indicated in Figures 14 and 17, with special emphasis

on the third and fourth columns. These colunms indicate blue's natural

discontinuity decision levels wl -,i allocating forces either, (I) to

the overseas TA No. 1, 2 and 3 before red initiates the invasion, or

(2) to TA No. 0 projected from the zone of the interior (see Figures 11

and 12) after red initiates the invasion. The unrestricted play of the

game indicates that both red and blue allocate forces such that all

fighting is done at TA No. 0. This means blue will refrain from stationing

forces overseas TA No. 1, 2 and 3 and deploy all her forces from the zone
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of the interior (ZI). The various tite delays used in this Southeast

Asia Scerario were based upon the projection of forces described above

(zee Figure 12). However, blue has a very low 'flip-flop' decision

thrF.shold (ic(. 30%: see second chart, third column, Figure 14) which

dir s him to station 100% of his forces overseas when constrained to

maintain forces overseas equal to or greater than this threshold in

order to defend against red's invasion of TA No. 1, 2 and 3. Notice that

the threshold tends to go down as the normalized attrition constant

available to blue goes up. Only where red is forced to invade with 10%

of his forces and blue can muster enough firepower for deterrence,

i.e., a,' .1, do pure strateies exist which indicate no overseas basing

necessary for blue (second and third graph, second column Figure 14).

Otherwise a low order commitment by red to invade TA No. 2. 2 and 3, and a

0 to 10% stationing of blue's forces overasea at TA No. 1, 2 and 3 will

force blue to use mixed strategies for optimal play (see second chart,

fourth column, Figure 14). The applico + " n of a uniform increment of

firepuwer over TA No. 0, !, 2 and 3 indicates that blue suffers from an

indecisive or indeterminate overseas basing policy. This policy requires

the allocation either of all or none of blue's forces overseas, depending

upon a low level of blue's possible precommitment of forces. As this

precommitment level rises (above the 30 - 40% level constraint), blue

adopts a very rigid overseas basing policy, (i.e., precommitting all of

his troops overseas in order to play optimally).

On the other hand, blue's application of an increment of firepower

toward red's homeland results in a very simple, consistent, and deter-

ministic overseas basing policy for any level of overseas basing constraint

with which blue must cope. This oasing pol.cy states that all forces

not needed at TA No. 1, 2 and 3 should be stationed in the zone of the

interior and projected to TA No. 0 after red initiates the invasion.

4. The Effect of Decreasing Blue's Response Time to Red's Invasion of

TA No. 1, 2 and 3

Another parameter of the model of considerable real wcrld importance

is blue's response time, At, to red's invasion of the terminal access
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areas 1, 2 and 3. There are two methods where by blue can vary response

time. One method of lowering At would be for blue to allocate more

forces to advance bases before the invasion such that his fnrces would

traversc a smaller distance to the TA Nc. 1, 2 and 3. Thf- ;her method

would be to utilize faster transport systems such as hydrofoil ships,

aircraft, etc. Bo~h these methods for affecting a lower response time are

possible with the assault model. Figure 18 illustrates the Southeast Asia

Scenario with variations of At and td which take into account the

alternate use of surface, hydrofoil, jet aircraft, and rocket transportation.

The force posture chosen for blue against red's invasion is one of

deterrence and superiority. Uniform firepower superiority (a = .1) is

applied by blue over all the terminal P'cess areas, TA No. 0, 1, 2 and 3

and a 5 to 1 order of battle ratio in x s favor is used. The r'esults

of this parameter variation were plotted as a function of B 's

deployment time in days (see Figure l) utilizing the same format as have

previous sections. The basic strategy for the unrestricted play of

the game is as before, that is, eab side a:loc-t all thei- resnp~et-t

forces to -A No. 0 for response times At: 0 < Lt_< 45 days. However,

if red is constrained to commit at least 10% of his forces to the terminal

access areas 1, 2 and 3, then interesting things happen to red' natural

discontinuity decision level as a function of response time. The second

chart, secund col in of Figure 19, indicates that the percentage of red's

forces LniLiau.ng the invasion of TA No. 1, 2 and 3, is constrained by,

and varies directly with, blue's response time to that invasion. From

the standard case for readiness, embarkation/movement, and assault time

of At = 45 days to a hypothetical response time of At = 0, red was

less and less constrained to commit all his forces once tie was constrained

to commit scme (from 50% down to 30%). From the real world point of

view red was more likely to be deterred when blue presented a defensive

force posture with a slower response time (all other parameters remaining

constant). The abstract model on the other hand, interprets this

situation in terms of the stability of the decision surface which in

effect states that as blue's response time is lowered, red becomes more

trigger happy and is less likely to maintain split forces if for some

reason he was constrained to split them at the outset (forced to invade
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TA No. 1, 2 and 3). If these results are valid, one could question the

entire concept of the airborne transfer of large numbers of' lirited wEa

forces with or without their aLrmament in response to an overseas threat.

It chould be noted that the above analysis considers the military payoff

only. If a cost-effectiveness criteria were used, Justification of the

above airborne concept would be even harder to achieve.

As another result of the above analysis, one would also question the

advisability of attenpting to achieve a smaller reaction time in the

defense of TA No. 3 (India) by creating an Indian Ocean Task Force.

Certainly if this were done, the size of the task fcrce woUd be

prohibitive if the requisite number of troops and firepower were

permanently stationed aboard.

Reviving the third and four.h coluins of Figure 19, we again see

that an obscure low level, c, nrrained; partial overseas basing policy on

the defender's part leads to mixed strategies and then full com-m'itment

(100% deployment). The last chart of the last column of Figure 19 Also

indicates red'F change of strategy as blue's response time is reduced

when both blue and red are const Uned to act.

Although they are not shown here, the results of the above analysis

also apply if blue allocates his deterrent firepower to TA No. 0 only

(Figure 20 indicates the scenario investigated).
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A. PROBLEM MWINITION, FORMULATION AND SYNOPSIS

Volume 1 demonstrated the use of analytical techniques to quantitatively

describe t^.2 interrelationships among mobility, dispersion, surveillance,

and fire power as they affect the survival of tactical units on the battle-

field. The purpose of the study was to emphasize the possible use of

analytical models to explore areas of Marine Corps/Navy advanced warfare

military systems and operations, and ways in which outputs obtained from

such analyses could lead, by implication, to recommendations for surveil-

lance, fire power, force size, logistics, and command and control subsystems

requirements.

The basic problem analyzed in this study can be summarized as follows:

An amphibious landing force, x, is to assault a limited area defended

by a force y. The landing force is.to be split up into an air mobile,

Xa, and a surface mobile x* The defending force, in turn, allocates

i: = to 2 of its foce to each element of x where
2

The questions to be asked are:

a. What allocation of forces should each side use against the other

during the ensuing engagement?

b. What is the mathematical structure of the tactical decisions made by

both sides (as defined by a) as a function of initial conditions (e.g.,

force levels (x, y) at time t = O) and constraints (e.g., spatial and

temporal limitations when allocating forces)?

c. How does the analysis relate back to the real world in terms of

logistics, equipment, force levels, operational plans, etc.?

To abstract the analytic nature of combat during an amphibious operation

from a scenario based upon the above descriptive anzlyss, one is

tempted at first to start simply with a "Lanchester Equation" model

approach. This model is by far the oldest analytic approach to land

warfare and has great flexibility in its generalized form.
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The form of the Lanchester Model which seems applicable is:
I

dx
-t = -by

r = -ax

x(o) = xo

y(O) - Yo (A-1)

where x0  and Yo represent the force levels of both sides at time t = 0

and a and b reflect each side's normalized attrition rate as seen

tb its opponent. Lancheter's Square law can be deduced from Equation

(A-1) by taking the ratio of the two differential equations and integrating.

dx b
UY ax(A-2)

,'ax dxbyd

Xo YO (A-3)

a(x02 - x 2) b(y 0 2 - y 2 ). (A-i)

Equation (A .4) indicates that the normalized attrition rate varies inversely

as the square of the force level. This suggests the following

transformation Vhich vill allow one to consider a force level and its

attition rate as an effective force level only.

*A unt-y of the literature referenced in VoluW I Indicates that
reaeonable aerellent ezistl for Laxcwster ts 8Umro Law as a ml for the
Pacific Island Cs~ei1 of Word War? II iihich, was essentily en w~hibious

Lr .7
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x -

y 4 -

A
t t

tab 
(A-5)

This reduces Equation (A-i) to:

dx -

4(o) - xo

y(o) - yo (A)

We are now in a position to relate this model formulation directly to the
ceneio of the aq blous assalt problem described ebove. Nover,

w describe the matheticl model actually proromad, it might

be usexhl to give a brief mathmatical synopsis of this model utilizing
the abov notation in order to indicate the over-all direction of the

aaIlyss
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Using the dot notation for time derivatives, the amphibious operation can

be de sribed matbematically by the following equatLons:

= 4
a P

-xa

X=X + X
a S

x(o0)

given at t 0

y(O)

where 0; 0 PSi 1 is the allocation of that part of y's force to xa

and (I - 0) to x., and {Xs, xj represents an allocation of all of the

anphibious lwAding force x to either the surface or air mobile mode of

attack.

If any unit cn either side is reduced to zero during the battle, the

opposing side's remaining allocation against that unit will be assumed

to be transferable for combat against the other side' s reaining units.

The winner will be the side that survives the battle. To relate force

levels and normalized attrition rates, the following scaling laws apply:

x - *x

x x

t - t; i-a,s.

(A-8)



6T

The model actually programmed can be extended to include x's reserve

forces xr which can be thrown into the action at some later time. This

model also takes into consideration the differences in ire power available

to x when projected through a vertical envelopment assault or via a

surface beachhead landing. That is, x's Regimental Landing Teams, (RLT'sN

are projected ashore as quickly as possible with the heavy ordnance

coming after. In the above model it is assumed that x has many units,

each with its own characteristic fire power. The greater normalized

attrition rate, as, as associated with the surface force can only b,

projected ashore at a given rate. The vertical envelopment with the

lower attrition rate, aa, can be assumed to be projected ashore

instantaneously. In this way x is faced with an allocation choice of

projecting into battle low fire power forces x at a high rate

(instantaneously) or a high fire power force x8  at a much lower rate.

It is felt that these limiting assumptions are justified in that we are

concerned only with the essence of the problem at this stage of the

study; that is, with the gross outcome of the battle as a function of input

parameters {x(O); y(O)}, decision parameters {x (0), x S(0); 0}, and
constraints Ia., aa; b; time to initiate batte}. Hopefully, this

initial analysis will develop useful insight into the structure of

amphibious operations such that more significant models can be

developed later.

Summarizing, Equation(A-T)represents a simple mode. of an amphibious

operation in a game theoretic context which attempts to relate the

interplay of force levels, allocation decisions, and constraints as

they affect the outcome of the battle. The payoff of such a game will

be defined by the solutions of the above equations as a function of

time at the specific tire when one side's force level is either reduced

to zero or, any finite level. The remaining side's force level represents

the value of the game, positive to the winner and negative to the loser.

This is called a zero-sum, two-person game.
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Another possible zero-sum, two-person game based upon the above model

could be contructed by defining the payoff function or value of the

game as the time t it takes to complete the aphibious assault

successfully; that is, the tiro it takes to reduce the opposing side

either to zero or any predetermined level. The attacker would attempt

to minimize this time while the defender would attempt to maximize it.

Str~tegies for both sides, defined by this type of payoff function,

could have a realistic interpretation in that one of the primary

purposes of an amphibious operati, is to secure a beachhead as

quickly as possible so that the main body of attacking forces can be

placed ashore safely. The defending forces hinder the landing force

as long as possible, so that superior reserves deployed elsewhere

can be brought to bear upon the attacker while he is in the vulnerable

position of establishing a beachhead. The amphibious landing force

will have superiority at a beachhead providing the time between the

committing of the attacking forces and the securing of the beachhead

is less than the time necessary for the defender to effectively

deploy his reserves against that beachhead. The outcome of such a

battle, using the abovu model, can then define the effectiveness of

deception techniques employed by the attacker when selecting a

beachhead and planning the invasion. The model could also determine

the relationship and value of fire power, mobility, dispersion,

reaction time, and surveillance to various proposed deception

techniques.

i
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B. THE AMPHIBIOUS OPERATION MODEL

When constructing an amphibious operation model, abstraction of the

physical process of an amphibious assault must first be formulated.

Certain items, such as number of battle units, force levels,

firepower, etc., :iay be considered as inputs to the physical process

while other items such as casualties, duration of the battle, etc.,

may be viewed as outputs. In mathematical terms, the amphibious operation

is an "operator" with the physical input variables as its domain and

the physical output variables as its rangc. In view of tbe complexity

of a general amphibious operation and the extremely large number of

contingent possibilities that can sarise during the execution of any

individual operation, it would be exceeaingly difficult if not impossible

to complitely represent the operator mathematically. Our task then is

to construct a mathematical operator that is an approximation of the

physical process. The nature of the 4proximation is determined by the

uses to which the model will be put and the resultant simplifications

that can be tolerated without materially affecting the significant reoults.

As the purpose of this study is to qualitatively determine the nature of

optimal battle strategies under very general conditions, no attempt will

be made to abstract the analytic nature of the amphibious operation via

an all-inclusive model. The oasic unit of force for the protagonists, blue

and red, wi2l be taken as a battle unit and the bvattle as a whole will

be viewed as an aggregation of local conflicts among individual battle

units. Thus, at any one instant of time, we need only consider a

series of relatively simple local conflicts to determine the state of

the battle as a whole. Since we will assume that the dyna.-s of any

local conflict are governed by Lanchester's Equations, the only

pertinent information is the comosition of the local conflicts and

the force levels and attrition constants for the individual battle

units. This information may be summarized in a list of the fol'-oving

form:



TO

Unit Force Level At;trition Rate

Ri

R2-

* Ri -

Local Conflict No. 1

Bi

B2-

Bj-

Ri + 1

Ri + 2

Rk -

Local Co~nflict N~o. 2

Bjl -

'V etc.
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The c-,mposition of the local conflicts will be determined by an Opponent

Priority List (OPL) for each battle unit. In order to reduce the

complexity of the computer program that inplements this model, the

decision was made to limit the OPL to two levels, first priority

opponents and second priority opponents. The following behavior is

then postulated for the individual battle units:

RULE 1: A battle unit will seek to engage his first priority opponents

if they have not already been eliminated from the battle. If

* it is engaged with an opponent, that opponent is termed

a direct opponent of the given unit.

RULE 2: If a unit' s first priority opponents have been eliminated,

he will, after a specified time delay seek to engage his

second priority opponents.

RUIZ 3: Any two units that Rhare. a common direct opponent are

considered to be battle allies.

RULE 4: All the direct opponents of a given unit's battle allies

are taken to be additional direct opponents of the unit

itself.

These rules offer great flexibility to the conflicts since a unit can be

drawn into a given conflict in mny ways - by attacking an opponent who

is involved in that conflict, by being attacked by an opponent who is

involved in that cnnflict, or by sharing a common direct opponent with

an ally who is involved in that conflict.

In general, the application of Rules I and 2 and the repeated

application of Rules 3 and 4 vill coupletely deterodne the composition

of all the local conflicts. (A formal proof can be constructed which

sov that if Rules 3 and 4 are applied a limited number of times, a

unique splitting u of the units into locL1 conflicts results. The

proof, vhich vill be omitted here, rests on the fact that the above

rules define -n equivalence relation on the set of all units and this

relation coaplet* partitions the set into equivalence classes.)
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Within each local conflict, the progress of the battle may be measured

by means of Lanchester's Equations. These differential equations can be

solved analytically and evaluated to determine the force levels of any

unit in a given local conflict at any time in the future, as long as the

basic composition of that local conflict r-emains unchanged. C-ce the

basic conposition changes, the coefficients of the differential equations

change, and the original analytic solution is no longer valid. At this

point we must redetermine the composition of the local conflicts,

calculate the new coefficients for the differential equatio-9, and begin

a new set of analytic solutions to continue where the old solutions

left off.

The compositioa of a local conflict can be changed one of two ways:

1. a unit is added to the battle

2. a unit is eliminated.

The specification of a time of arrival for each unit determines the time

at which the unit is added to the battle. A single time of arrival is

given since it is postulated that once a force is committed to t he battle

it will not be withdrawn and reconitted at another time. Once a unit

is added, iti of course seeks out its opponents according to Rules 1 and 2.

The elimination of a unit occurs when its force level drops below some

specified minimim force level. The time at which this takes place can be

determined by inverling the analytic solutions of the differential

equations and solving for time as a function of force levels. This

Inverse solution has sevc-al posszlie forms depending on the coefficients

and initial values of the differential equations.

After a"u. e first priority opponnts of a given u:_It are eliminated,

Rule 2 specirie a time d berore L.at uw. t m engage its second

priornty opponents. (2b rule LAso plles If tue riraz priority

opponents nave been limnated pAor to une unat' s time of arrival.)

Wue deAq factn Is intended to reflect too geogrqxlacal location of te

uniu and their relative wbilitie .
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In m r the following items are the necessary input parameters for

eacL unit:

1. irltial force level 5. time delay factor
2. minimum force level 6. first priority opponents list
3. attrition constants 7. second priority opponents list.
4. time of arrival

The application of Rules 1, 2. 3 and 4 in conjunction with the preceding

items, determines the coapositon of the local conflict, while Lancester's

Equations give the force level of each of the units as a function of time

and indicate the time at which a unit is eliminated.
A

As analytic methods are used throughout and no time-step simulation is
utilized, this method furnishes us -AIth an extremely rapid means of

determirnis the expected outcome (or "payoff") of the battle,

determined by the &-.ven battle plans "and initial force levels.

If varyous elements of the battle plans and/oz initial force levels are

considered as parameters, we are in a position to generate trade-off

table-, showing the effect of a variation in one or mare of the parameters;

for example, the degradation of payoff due to increased time spacing

of the 7arious landing groups. Furthermore, game theoretic techniques

may be usei to 3imultaneously optimize the choice of parameters for

bot the attacker and defender.
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C. PROBLEM ILLUSTRATICK

To illustrate the methodological techniques fo handling an amphibious

landing situa+ion, a ipecific problem wil be investigated (see Figure a).

Blue, B, an amphibious landing force, is to assault a limited area

defined by red R. The landing force is to be split up into three surface

mobile elements, B1, B2, B3 and one air mobile element, B4 , each of which

is to initiate action sequentially. At short intervals, 8t, three

waves of surface elements are projected ashore in the following order:

(1) infantry battalion type units, B1; (2) infantry and close support

artillery type units, B2; and (3) infantry and a tank section, B3 .

The air mobile element consisting of a vertical envelopment team of

infantry and close support artillery units, B4 , is projected inland, a

distance d from the beach (see Figure a) at the same time B arrives

across the beach. The relative firepower of these four elements of
blue are assumed to be in the following ratio: B1 : B2 : B3 : B11.

1.0 : 2.0 : 40 , 1.5. The red defending force, R, in turn, commits

its forces either to the beach, RI, to the air mobile attack, R2 ,

or to both, at the same time B1 and B4 are deployed. The relative

firepower of these two elements of red are assumed to be equal to blue's
mexinm, ise.,B 3 :R 1 : R2 : 1.0 : 1.0 : 1.0. Note (from Figure a) that

each element of blue ard red has a predetermined battle co.nitment time

which reflects the amphibious landing iorce's logistic constraints.

This time of comitment is symbolized by the clock next to each element

in Figure a. Also, take note that the ensuing battle takes place at

two different locations; the beach and some inland point. The model

developed for this problem reflects this spatial characteristic of the

battle by defining a ,et of time delays {td1 } which applies to each force

element of the battle. These rime delays indicate the amouit of time

which would be required for an element to traverse the distance from

one battle area to the other during the course of the battle. An

element traverses this distance only if it has a first priority

opponent which it destroys, and any second priority opponents can only

be reached by 1-'versing the distance d shown in Figure a. If a force

element does not have an opponent at its initial point on the battlefield,
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the time delay td will denote the time necessary to meet an opponent

located at the other point on the battlefield. Naturally, t is time

delay reflects the mobility characteristics of the units involved and

represents an important trade-off parameter.

Another aspect of the problem not indicated in Figure a Is that each

fighting element has an Opponent Priority List (OPL), which indicates

the order in which each opponent is to be attacked. In some cases,

fighting elements are placed in position to protect the flanks of an

operation. These elements never initiate an attack and are drawn

into a conflict only when the opposing side's priority initiates battle

action against the flank.

The following questions are pertl'ent to the above problem description:

a) What is the mathematicnl structure of the tactical decisions mad-
oy both sides in selecting the action variables such as number of
forces, time delays, battletime comnitments, priorities, etc.?

b) How does this type of an analysis relate back to the real world?

c) What allocation of forces should each side use in initiating the
battle? For example both red and blue mist allocate their units
to the beach and/or inland locations. Both sides must make such
allocations quantitatively.

d) What time sequence should the amphibious landing force adhere
to in projecting its elements into comiat?

The significant input variables to the model based upon the above

scenario are:

a) order of battle ratios - the total number of troops each side has
available for the operation

b) firepower - each fighting element's rate of kill per man per hour

c) time sequencing of units into the battle

d) battle priorities

e) unit mobility factors.

The significant output variables are:

a) the numer of survivors at the end of the battle

b) the duration of the battle for any threshold of defeat of one side

1*c
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c) the optir-m aJlocai"ou srateg.Les availaole Tu eaun side. (That
is what fraction of the total forces goes across the beach or
deployed air mobile as opposed to the defender's allocation of
what fraction of his forces in defending the beach as opposed :A

to the forces kept in reserves to defend against the air mobile
attack?)

d) The natural strategic discontinuity levels, i.e., the areas of
the strategy surface beyond which both sides must play to obtain
strategic optimality.

e) Sub-optimum strategies (restricted within discontinuity levels),
i.e., areas of the strategy surface, if both sides were constrained
within, strategic optimality cannot be achieved and sub-optimal
.trategies become iqportant.

The last two outputs reflect the constraining nature of the real world

situation. Mathematically optimal strategies may not always be achieved

because of the physical constraints of the tactical systems employed;

e.g., landing craft and helicopter capacity, speed of operation, and

duty cycle of the logistic support systems, etc. However, it should be

noted that the model does not delineate these constraints directly,

but rather defines the mathematical structure of the decisions made in

terms of natural discontinuity levels on the decision birface. These

discontinuities in turn define the areas in which optimal strategies

would shift violently if the real world were for any reason constrained

to operate in these areas only. The strategies derived from this shift

are sub-optimum.

We are now in a positIon to discuss some of the details of the solution,

e.g., optimality, sub-optimality, decision surface, mathematical

structure, etc. The results of Ie battle, as defined above and in

Figure b, are displayed as a mathematical surface; i.e,, a single

valued function of two variables. The ordinate of the surface is

called the payoff of the game played between blre and red and

represets the number of blue survivors at the time red is destroyed.

7his is a function of the fraction of total forces allocated by blue

to air mobile attack *nd by red in defense against air obilj attack

(see Flvre b). Thus, a payoff matrix is generated which mathantiellUy
represents a two-dimenslonal surface for each possible decision of

either side (see Figure b). The height of this surfaze above the grid
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of decision variables (i.e., the fraction allocated to air mobile attack

and to defense against air mobile attack) indicates the number of survivors

left on the victorious side. This height is defined as positive if

blue wins and negative if red wins. Since blue's payoff is the opposite

,of red's payoff, and it is logical to expect blue to try to maximize the

payoff function while red does its best to minimize this same function,

we have a two-person zero-sum game with the allocation fractions for

both sides representing strategic variables. The criteria that will

be used to determine the opt. ncity of the strategies will be the

min-max payoff for red and max-min payoff for blue. When min-max equals

max-Lin, a pure solution exists, and the payoff corresronding to this pure

solution is called the value of the game. If no such equality exists,

then it can be shown that min-max >max-min, and the only way to get

equality is to redefine the payoff function as an expected value of

survivors with the players picking their strategic variables (i.e.,

fraction of total forces allocated to air mobile and defending against

air mobile) according to some probability distribution. Decisions made

in this manner are called mixed strategies and usually represent marginal

strategies for the side having to employ them. From the tactical system

design or requirements point of view, one vould never knowingly initiate

an suqhibious operation against a defending force which depend~i upon a

mixed strategy to gain the objective of the operation. This vould be

tantamount to having to bluff in order to achieve success. The logical

plan for an aphibioua operation vould bc to land with overwhelming

speriority and alow any advantage accrued by the maintenance of

secrecy in initiating the operation to compensate for faulty threat

intelligence estimates, ac's of God (e.g., bad veather that La

uqpredictable), etc.

To obtain the game-theoretic solution to the amphibious operation

described above (see Figure a) ve first compute the mathematical

surface rersenting the pN off a of all possihle allocations for both

sides (Figure b). Mven ve designate the minium of each roy with

an e~lipse And the maximu of each colum vith a rectangle (Figure c).

( Blue vil select the maximm of the minim= taed in the rovs vhile
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red will select the minimum of the maximum tagged in the columns. In

Figure c, when the maximum of the minimum payoff and the minimum of

the maximum payoff occur at the same point, then the value of the game

is defined as the number of survivors of blue/red (positive for lue,

negat!ive for red) located at this point on the surface. The strategies

associated with this point are pure. In most cases the min-max = max-min

solution occurs at corners of the matrix.

Once the unconstrained value of the game and associated decision

variables are known, the solutions determined from natural discontinuities

of the .,urface are generated. 'This is accomplished by placing a

constraint raster first on blue's strategy line starting from the 100%

allocation decision level and moving the raster toward the 0% allocation.

For each placement of the raster the matrix is solved for the min-max -

max-mmn solution in the same manner as outlined above, "'ut only for

the partitioned matrix (see Figure d) consisting of blue's strategy

line from 0% allocat' n to the raster and red's unrestricted strategy

line. This sub-optimum solution to the game is then related to the

placement of the raster by noting when the solution changes abruptly

as the raster moves from 100% to 0$ allocation. For exanple, if blue's

unrestricted strategy is to allocate 100% of the fighting elements to

the air mobile or vertical envelopment decision the raster is then

placed under the 90$ level restricting blue's strategy from 0% to 90%

and the solution to this restricted game is noted. If the optimum

solution is the 90% allocation of the fighting elements via the air

mobile mode decision, then this is considered to be no change in the

basic strategy. That is, the restricted game still demands that blue

send all his fighting units air mobile even though blue is restricted

by the 90% allocation level. After this determinstion, the raster

is then moved to the 80%.allocation level and the restricted game again

solved. If the solution yields the 80% allocation level decision the

raster is moved to the 70% level, etc. In most cases during this

process of methodically constraining blue's decision level, the F-Me

theoretic solutAon will abrutly change to yield an optin, decision

( other asan the aximim possible fighting units going air mobile. The
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position of blue's constraint raster then such an abrupt decision occurs

is then recorded and the associated sub-optimun strateg ,Lcstricted

within this partitioned matrix is called a natural strategic discontinuity

level. The physical meaning of such sub-optium strategies is that

if for any physical reason blue cannot send 100% of his forces air

mobile (the optimal policy), at what level of decision coDtraint must

blue change his tactics conpletely concerning a given mie of attack.

Therefore, the natural strategic discontinuity level represents a

threshold in blue's strategic thinking, above which blue will attack in

the vertical envelopment mAe with all the fighting elements he

physically can get air mobile, and below which he will use the

sub-optiamu strategy based upon the solution of the partitioned matrix.

An exaqple of this threshold from the real -vorld would be the decision

of a conander not to send an air mobile strike in support of an

across-the-Wach operation if he felt that the air mobile forces would

not be able to act as a fighting unit during the time necessary for the

main body )f ferces from the beach to join with the air mobile group

for projecting the b~ule inland. There are many historical incidences

of comanders in World War II and in the Korean War making this type of

decision.

It is significant that the mathematical model used for this problem

contains such a threshold without the analyst being aware, a priori,

of its presence. This tends to confirm the validity of the model as

a realistic abstaction of the aqhbious operation. It will also be

interesting to see the quantification of these thresholds as a function

of the various inuts to the mdel tabulated above would yield significant

information that could be used in the design and analysis of present,

presently planned and future tactical systems.

Oe.tig back to the foncl development of the Problem Illustration,

evef7tbIzg said about blue's onstral . raster Vis-a-vis red is equally

true for reas3 constraint rester vie-a-vis blue (see Figure d). And

finally, once both blue's and red's atural strategic discontimity

leel# are known, a solution to the pm Is obtained by solving the

partitlond p@yt matrix with each plier operating within his natmral
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constraints at the same time. Figure d shows this decision surface

as the area in the upper lei t hand corner of the matrix.



UNcTASSIlzn

Secft swiicaionDOCUME1NT CONTROL DATA -R&D
(Reamety tesedflshc.tn .4 title, boay of abstract &nd Wxn annowflttao must be .entered when #Is ovrall report is ci.. safted)

1. ORIGINATING ACTIVI'! (Cotpome author) 2a. REPORT SECURITYi C LA3UIFICATION

TRW 3yotem Unlalssified
Ib. aROUP

3. RePbORT TITI.E

0PEATIONS REWCH STM1~ C? SYSTIUW MMW-O9'S IN A OSRI

TESTRA=GC BASING CP FUWP LI3r= WAR FOW=C
4OESCRIPTIVIE NOTEJS (Ty'pe of repost and Inclusive dalee)

SAUTHOR(S) (Loot naes fire( nam. fnt;taI)

Chaiken, PalD.

if" WT DATE 70. TOTAL NO. OF MAGR3 76. No. '3r Raps

November 1965 91 I 2
C* ONTRACT OR GRA24T NO. 941. Of"SIMATO~rS REPORT NUMOZRIS)

Nonr 3983 (00)
6. PROJECT NO. 8665T-o

TW 018-02-06

I~ AV AIL ASILIVY/LINITATION i4OTICIES

Qualified requestors mey obtain copies of tVds report from WC.

Foreign announcemnt and dissemination of this report by WIC Is not authorized
It. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTiVITY

Office of Naval Research
Navy Department

IS. ABSTRACT flftn.DC. m6
Objectives of Pu4i: to demnstrate the use of analytical techniques to quanti
tive.1y describe the iber-relationships between mobility-, dispersion, surveillanc
and firepower, as they affect the survival of tact~ical units on the battlefield.
The purpose of such a study yes to e~hasize the possible use of analytical model
to explore areas of Marine Corps4.avy advanted warf are military system and opera
tiones, in which outputs obtained from such aralysis would lead, by implication,
to recommandations for requirements for surveillance, firepower, force size,
logisticb, and coimnd and control~ subsystems.

Scope of Study: Two phases of.limited war anphibi.uus operations are analyzed for
the long rar~ge period:

(a) Uhe assa01t

(b) The st- %tegic basing of limited war forces.

M1e assault phase includes the deploymnt of troops, during an avhibious opera.
tion, a -oss the beach and/or via the vertical envelopment mode against the
apposition of the dseae. The strategic basing phase includes the daployment
of tactical forces ftrougmt the world and the requirements placed upon such
deployment as a function of the caign objectives pertinent to the uW~
potential theatre of operations.

DD ilsN61 "73 eclaa led
Security Clasification



llnc~lassified
sacurt acI.ificauor _____ _____

14. ______LINK A LU U LtNK C
KIVY WORDS - - - - -

_______ ROLS WT ROL% "T N~OL_ lIT

Mathemtical Model.
Strategic Basin&,

Strategic Reaction Tim.

Firepower

Game fTheoretic

Strategic Deterrence

1. ORIGINATINlG ACTIVITY: Eater the name and address iosed by security classification, using standard statements

of the contractor, subcontracor, grantee. rbp o D. s

fes artivt (1) otQualifnietid requesters may obtain copies of this
2s, REPORT SF-1-,Y CLAMFICATI0N, Enter the over. 2 reoor afroim emn an iseiain fti

all Security classification of the rePeat. Indicate whether(2 Foganuce ntnd& emainofts
"Restricted Data" is inclded Marking is to be inacod report by DOC is not authorized."1
sncs with appropriate security regulations. (3) "U & Govrmnt agencies may obtain cooies of
2b. GROUP. Automatic downgrading in apecified in DoD Di- this report directly from DDC. Other quadled DDC
rective 5200, 10 and Armed Porceo Industrial MaaaL. Enter users shall request through
the group number. Also, when applicable, show that optional

ming aebenue o tot3sdG'i45 & (4) "U. &. military agencies may obtain copies of this
taM. roport directly from DDV. Other qualified us"*s

3. REPORT TmTLL Ear th comsplete report title in all shal request through
capital lettern Titles In all cowes should be unclassmfed.
If a meaningful title cannot be selected without clavelfica-
tion, show title classification in aln capitals in Parenhesi's (5) "All distribution of this report is controlled Qual-
Immnediateiy following the title. ified DDC users shall request through
4. DECRIPTIVE NOTES if appropriate, enter the type of __________________

GivOn Incluite tPe iabo a"~~ o~cfcr~rt eidi If the report has bi~en furnished to the Office of Technical
GivetheIncusie dteswhe a pecficreprtig prio is Services, Departmrent of Commnercip, for sale to ti-e public, i-

covere~d. Cato tSis fact and enter the price, if known.
S. AITWJR(St Entr the same~s) of anther(s) as hown on 1L SWPPLUMrARY NOTE& Use for additional explafte.
or in the report, Entw lea some, first mew, middle In.'" tr nts
It military, Jaw rsub and' br h of service. The name of Q7nts
the principal api'r is an ab~solute minimum rs.innet 12. SPONSORIN4G AILITARY ACTIVITY: Enter the =ame of

6. RPORTDAT- Ro uwdateof he rpor as ay, the departmental Project office or laboratory sponsoring (pay
6.~h year, orAw lefrte Vdate othn r*nodte a ear id lot) the research and development. Include ad*"&a

ont *rprw daofpMiaon 13. ABSTRACT: Eater an aboact giving a brief and factual
7a. TALNUMBR O PAZ~k he ota pag cont aummary of the document indicative of the repoMt even though

sh..l foTlo no~rm O AE h oal paginto rcdrs e cntth it may also appear elsewhere in the body of the technical re-
shulde flo Pgsnoranipaginonsaioenus Laoerette If additional space is required, a continuation sheet shall

ramber ~ ~ ~ ~ ~ b attea.ohed.g rdrmtin

reeene cted OP tReV CE Eneephottarntb.o It in highly desirable that the abstract of classified reports
refeence citd i therepot.be unclassified. Each peragraph of the abstract shall end with

S&. COMTACT OR GRANT NUMBR if appropriate, ewter an Indication of the military security classification of the in-
the applicable tomber of the contract or raft under wich formsation in the paragraph, represented as (Ts). (s), (c), or (U).

the epor wa miten.Theom is no littao on the length of the abstract. Now-
66, ft. 6 Id. PROJECT NUMM Enter tie appropriate ever, the suggested length in from 150 to 225 ods.
militay dopatunm idstification. suach as preject saber,

suprjctnmber. system anabses, task number. 14. KEY WORDS: Key words are technically meaningful tergs
Or sbort Phrases that characterice a report and may he used as

9a. ORIGINATOR'S REPORT NfUbOX(S): Eater the .15- index entries for cataloging the report. Key words must be

sod control, d by the o05151*5 14a~vitg Ibis number mat arNs, such as equipment Model desipation, Lede woo,. military
be unique to tWi report Project cd nm, Ipgeorphic location. may he used as key
9 b. OTER REPRT XUISZU): Itl the report has he.m words but Witt be followed by en Indication of techncal con.

assigned any other rportiaubrs (either by the originat. test. The assignment of Ueke, Wses and weigts in optional.

110 AVALA1UIT/LMI 1 ATION NOTIC& "otr ay im-

MtAaa en Ether damtien C, then repeft, ether tam "0

flnr iaa i lasl cd


